The presented molecular modeling is utilized to innovate new peptidomimetic compounds. These proposed compounds are designed to act as HCV NS3 protease antiviral. The suggested antivirals are divided into two groups. The first group has hexapeptide (Glu-Asp-Val-Val-Cys-Cys) binding to cellulose monomer at positions 2, 3 or 6 while the second group has hexapeptide (Glu-Asp-Val-Val-Cys-Cys) binding to cellulose dimer at positions 2, 3, 6, 2', 3'or 6'. Semiempirical PM3 quantum mechanical method is first utilized for optimization, then to calculate the vibrational spectra of these novel compounds. It is found that higher dipole moment (11.907 Debye) corresponds to the hexapeptide (Glu-AspVal-Val-Cys-Cys) binding to cellulose dimer at position 2' compound. Accordingly, calculation is repeated at HF/3-21g**and B3LYP/3-21g** for such compound for verification.
INTRODUCTION
The hepatitis C virus (HCV) is one of the most widely spread epidemic diseases in the world. HCV belongs to the Flaviviridae family and is the only member of the Hepacivirus genus [1] . HCV was discovered in 1989 as the etiological agent for non-A, non-B hepatitis. Since its discovery, HCV is becoming a hot topic of research due to the large number of reported worldwide HCV infections (about 200 million cases) [2] . Of those infected, over 85% will develop chronic hepatitis, and 20% of the chronic infections progress to liver cirrhosis and hepatocellular carcinoma (HCC) [3] . HCV has six major genotypes and more than 70 subtypes. The genotype 4 is prevalent in the Middle East and different parts of Africa. Egypt is considered as one of the highest countries infected with HCV in the world [4] . HCV genotype 4 (HCV-4); especially subtype 4a; is common in Egypt [5] [6] [7] [8] [9] . Although HCV is a major health problem especially in Egypt, there is only a single available treatment (a combination of interferon-α and ribavirin) which is expensive and effective in only 50-60% of treated patients. Hence, there is a pressing need for new and broadly active antiviral agents to combat HCV infections [10] .
The progress of research in HCV is very difficult due to the inability to cultivate HCV in vitro and the absence of a small animal model susceptible to HCV infection .The chimpanzee is the only animal known to be susceptible to HCV infection. Due to these difficulties, the molecular modeling simulation can overcome the problems in cultivating HCV and enhance the progress of HCV research [2, 3] .
*Address correspondence to this author at the Science faculty, Cairo University Egypt; Tel: +202-01144605000; Fax: +202 -35728843; E-mail 1: noha_saleh_kh@yahoo.com Molecular modeling can be simply considered as a range of computerized techniques based on the basic laws of physics and experimental data that can be used either to analyze molecules (number and types of atoms, bond, bond lengths, angles and dihedral angles also the basic characteristics of the molecule such as molecular energy, geometry optimization energy, enthalpy and vibrational frequency) and molecular systems (nucleophilicity, electrophilicity and electrostatic potentials) or to predict molecular and biological properties (which are primarily important in the understanding of structure-activity relationships and in rational drug design); [11] [12] [13] [14] [15] [16] [17] [18] . Therefore, molecular modeling helps in studying the biological activity of the new inhibitors and the physical aspect of the interaction with the virus and selecting the possibly best compound to synthesize, thus, saving time, effort and money.
The NS3 protease of HCV is considered as one of essential enzymes for HCV life cycle. So this enzyme is considered as major antiviral target. NS3 protease is responsible for the proteolytic cleavage at four junctions of the HCV polyprotein precursor: NS3/NS4A (self cleavage), NS4A/NS4B, NS4B/NS5A, and NS5A/ NS5B [19] [20] [21] [22] . In our previous work, the hexapeptide compounds were suggested and built as HCV NS3 protease inhibitors especially for Egyptian genotype 4a. The electronic properties of these suggested inhibitors were studied theoretically by molecular modeling programs at semi-empirical method (Fig. 1) .
The Fourier transform infrared spectroscopy (FTIR) is one of the classical methods for structure determination of small molecules. The Fourier transform infrared spectroscopy is very sensitive to the presence of chemical functional groups and architecture of the compounds. The high information content in an infrared spectrum also covers biological systems. The most powerful aspect of Fourier transform in-frared spectroscopy is the identification of unknown compound and comparing the spectra of two compounds with each other to determine whether the compounds have the same composition [23, 24] . In order to help in the process of production of novel structures it is important to predict theoretically their vibrational characteristics. So in this work, the vibrational analyses and assignment of the proposed inhibitors are supported by modeling programs at semi-empirical PM3 level of theory.
COMPUTATIONAL DETAILS
Calculations are carried out on a personal computer. Semiempirical PM3 quantum mechanical calculations are performed using Gaussian 03 program system with total charge equal 0.0 and spin multiplicity 1 [25] . The vibrational spectra calculations are performed upon the optimized compounds at the same level of theory method. Based on calculated dipole moment one of the studied compounds is reoptimized using HF/3-21g** and B3LYP/3-21g** [26] [27] [28] .
RESULTS AND DISCUSSION
The NS5A/NS5B junction is one of the four junctions with proteolytic cleavage by NS3 protease. The sequence of NS5A/NS5B junction for Egyptian genotype 4 sequence is Glu-Asp-Val-Val-Cys-Cys which is related to hexapeptide (P6-P5-P4-P3-P2-P1) [7] . This sequence may be used as a good target to propose new antiviral for HCV-4a genotype. These new inhibitors are considered as peptidomimetic inhibitors and acting as competitive mode of inhibition.
One of the most common organic compounds on the earth is cellulose; which composes about 33% of all plant matter [29] [30] . Cellulose and its dervatives are becoming an emerging materials in biology as well as many other fields of research [31, 32] .
Based upon the above considerations two groups of novel competitive inhibitors are introduced and built. The first group has cellulose monomer which acts as substrate to carry hexapeptide (Glu-Asp-Val-Val-Cys-Cys) at position 2, 3 or 6 as seen in scheme 1-a. While the second group consists of cellulose dimer at which the hexapeptide (Glu-Asp-Val-ValCys-Cys) binds at position 2, 3, 6, 2', 3' or 6' as seen in scheme 1-b.
All of the mentioned structures in Table 1 show their optimized structure then IR is calculated upon the optimized structures (Figs. 2 & 3) . Table 1 represents the calculated vibrational frequencies and their intensities as well as band assignment at PM3 method for first and second groups of proposed compounds.
Although the normal modes for group 1 and for group 2, only 9 vibrations are mentioned in the table. These vibrations are corresponding to higher band intensities while other bands are not considered because they are not expected to happen experimentally in terms of their low or even zero intensities.
Regarding Table 1 one can characterize the vibrations as those belonging to cellulose and those belonging to amino acids. OH and CH could be assigned for cellulose, while amides are the main features of amino acids and protein structures.
The stretching vibration of OH is located for the first group from 3881 cm -1 to 3742 cm -1 . While for second group it varies from 3870 cm -1 to 3835 cm -1 . As a result of the peptide bond a stretching band of NH exists and is also named as amide A. The NH vibration occurs from 3341 cm -1 to 3293 cm -1 for first group and occurs from 3294 cm -1 to 3175 cm -1 for second group. CH produces so many vibrations in its characteristic region. These bands are coming as symmetric and asymmetric vibrations of CH 2 and simply for CH alone.
For the first and second groups, the bands corresponding to CH 2 The SH vibration of thiol group of cysteine amino acid appears from 1713 cm -1 to 1648 cm -1 for first group and from 1690 to 1686 for second group. The N-H vibration has another band which is termed also as amid II. This band is produced from 1445 cm -1 to 1460 cm -1 for first group compounds and from 1441 cm -1 to 1465 cm -1 for second group. Other CH vibrations are observed at lower frequencies but their band intensities are very low and these bands are not The total calculated dipole moment is a good indication for the reactivity of a given structure. Higher dipole moment reflects the ability of a given structure for interaction with the surrounding molecules [33] . Accordingly, we calculate the total dipole moment for the studied compounds at PM3 level of theory. Calculated total dipole moments are listed in Table 2 . Higher dipole moment values correspond to the second group compounds at positions 2' and 6' as 11.907 Debye and 10.432 Debye, respectively. Accordingly, the compound corresponding to higher dipole moment is recalculated at higher level of theory such as HF/3-21g** and B3LYP/3-21g**.
HIGHER LEVEL OF THEORY
Based upon the calculated dipole moment the compound 2' (cellulose dimmer binded with genotype sequence GluAsp-Val-Val-Cys-Cys) from the second group are optimized at HF/3-21g** and B3LYP/3-21g** as seen in Fig. (4) . Total dipole moment as well as geometrical parameters are summarized in Table 3 . Total dipole moment is initially 11.907 debye and is 10.739 debye corresponding to HF/3-21g**, while it is 11.246 debye corresponding to B3LYP/3-21g**. Fig. (4) . HF/3-21g** optimized structure for cellulose dimmer binded with sequence Glu-Asp-Val-Val-Cys-Cys at position 2'. 
CONCLUSION
We present novel two families of compounds based on one and two cellulose units to act as HCV-NS3 protease inhibitors. The vibrational assignment is aided by molecular modeling work in order to describe their vibrational characterstics. The vibrational frequencies are shifted towards higher frequencies because of the interaction that was verified by theoretical method. Higher dipole moment which is 11.907 Debye indicating the existence of the compound which has cellulose dimmer bind with hexapeptide sequence Glu-Asp-Val-Val-Cys-Cys at position 2'. Comparison with higher level of theory such as HF and DFT at B3LYP indicate the suitability of PM3 for studying such compounds.
